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(54) Radio device and antenna structure 

(57) A radio device and an antenna structure, 
wherein a groove (103) provided in a planar radiator 
(110) of the antenna is used to generate resonances for 
different frequency ranges, enabling the generation of 
more than one separate frequency ranges and at least 
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one frequency range covering several mobile commu- 
nication system bandwidths used. The groove (103) is 
implemented on the planar radiator (110) such that at 
least part of the groove is located between a feed point 
(101) and a ground point (102). 
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Description 

[00G1 ] The present Invention relates to small antenna 
structures. The Invention relates particularly to Internal 
antennas that are used in mobile stations and that are 
fed from one feed point. 

BACKGROUND ART 

[0002] Particularly the increasingly diminishing size of 
mobile stations sets new requirements of diminishing 
the antenna structures used in the devices. However, 
the size of an antenna depends on the principles of 
physics, since the bandwidth of antenna resonance de- 
pends on the Q value of the antenna structure such that 
the lower Q value an antenna has, the wider is the avail- 
able bandwidth. The easiest way to lower the Q value 
of an antenna is to make the antenna larger, but If the 
space required by the antenna is limited, it is extremely 
difficult to lower the Q value. 

[0003] An advantage of planar inverted F antennas 
(PI FA) is their small size, allowing them to be integrated 
into a device so that they are entirely disposed inside 
said device. Figure 1a shows a prior art conventional 
PIFA antenna element 100, the antenna element 100 
comprising a planar radiator 11 0, a ground plane 1 20. a 
ground point 102 and a feed point 101. The length of 
edges 104 and 105 of the radiator 110 is 40.0 mm, the 
length of edges 107 and 108 is 25.0 mm, and the feed 
point is located at a 2.0-mm distance from both edge 
108 and edge 104. The width of the grounding line of 
the ground point 1 02 is 5.0 mm and it is located at the 
edge 104, so that a centre parallel to the edge 104 of 
the grounding line is located at a 1 2.5 mm distance from 
the edge 108. The length of edges 121 and 122 of the 
ground plane is 100.0 mm, the length of edges 123 and 
126 is 40.0 mm, and the distance between the ground 
plane 120 and the radiator 110 is 5.0 mm. Either air or 
another dielectric material is provided as insulating ma- 
terial between and on top of the ground plane 120 and 
the radiator 110. The radiator 110 of the PIFA antenna 
is coupled to the ground plane 1 20 via the ground point 
102. The shape of the ground point may be dotted or 
similar to the grounding line shown in Figure 1 a. Below, 
reference 1 02 denotes the ground point and the ground- 
ing line. The physical dimensions of the radiator 11 0 and 
the ground point 1 02 and the distance between the ra- 
diator element and the ground plane affect the reso- 
nance frequency of a PIFA antenna. The radiator 110 is 
fed either from the edge of the radiator or by conveying 
a feeder line through the ground plane and the insulating 
material as Figure 1a shows. A change in the width of 
the grounding line of the ground point 102 causes a 
change in the resonance frequency of the antenna. A 
decrease in the width of the grounding line causes a de- 
crease in the resonance frequency; similarly, a wider 
grounding line increases the resonance frequency. The 
grounding line may be either as wide as the side of the 



antenna element or, at its narrowest, only a conductor. 
[0004] The major problem in PIFA antennas is a nar- 
row impedance band, resulting mainly from the distance 
between the radiator of the antenna and the ground 

s plane with respect to the wavelength. 

[0005] Figure 1 b illustrates the frequency band of the 
antenna structure of Figure 1a using the above dimen- 
sions. In the graph, the x-axis shows frequency in GHz 
and the y-axis the radiation efficiency of the antenna el- 

*o ement [%], antenna efficiency [%] and antenna match- 
ing (S1 1 ) [dB]. Figure 1 b shows that the frequency band 
of the antenna structure of Figure 1a, at 50% antenna 
efficiency, is in the range of about 1400 to 1700 MHz. 
[0006] The radiation efficiency of an antenna element 

15 refers the radiation efficiency of the antenna element 
when the antenna is matched. Antenna efficiency refers 
to the efficiency of the antenna when the efficiency in- 
cludes antenna matching. 

[0007] Attempts have been made to increase the 

20 bandwidth of a PIFA antenna for example by creating 
parallel resonators in the antenna structure. Figure 2a 
shows an antenna structure, wherein resonances are 
generated with two antenna elements 201 and 202 of 
slightly different lengths, of which the smaller element 

25 202 generates a higher frequency resonance and the 
larger element 201 , a lower frequency resonance. 
[0008] Figure 2b shows an antenna structure having 
a main element 205 and a parasitic element 206. the 
elements 205 and 206 being separated from one anoth- 

30 er along the entire length to generate resonances. How- 
ever, the increase in the bandwidth of the above anten- 
nas remains relatively small compared with the band- 
width created by the antenna of Figure 1a. 
[0009] An arrangement of several adjacent resonanc- 

35 es is a way to increase the bandwidth of an antenna. 
Matching or an antenna element may provide the adja- 
cent resonances. Matching can be carried out for exam- 
ple with a feed and grounding strip, allowing the imped- 
ance of the strips to be arranged as desired by means 

^0 of dimensioning the width and length of the strips and 
by means of the relationship between the mutual dis- 
tances between the strips. Resonances provided with 
matching are easily lossy, which may result in a loss of 
the gain achieved by matching. 

45 [0010] In the solution carried out on the antenna ele- 
ment, grooves are added to the antenna element to in- 
crease the number of resonance frequencies. However, 
grooves easily act as groove radiators in small anten- 
nas, making adjacent resonating antenna elements 

so couple strongly to one another providing a resonator 
around the groove. This further results in the radiation 
resonance being low at said frequency and current den- 
sities being high in the vicinity of the groove, increasing 
the losses of the antenna. 

55 [0011] The Applicant's earlier European patent appli- 
cation 1 020 948 discloses a dual band antenna struc- 
ture having a first groove for providing resonance in the 
higher 1 BOO MHz frequency range. The radiator also 



2 



1 



EP 1 202 386 A2 



2 



Description 

[0001 ] The present Invention relates to small antenna 
structures. The invention relates particularly to Internal 
antennas that are used in mobile stations and that are 
fed from one feed point. 

BACKGROUND ART 

[0002] Particularly the increasingly diminishing size of 
mobile stations sets new requirements of diminishing 
the antenna structures used in the devices. However, 
the size of an antenna depends on the principles of 
physics, since the bandwidth of antenna resonance de- 
pends on the Q value of the antenna structure such that 
the lower Q value an antenna has, the wider is the avail- 
able bandwidth. The easiest way to lower the Q value 
of an antenna is to make the antenna larger, but if the 
space required by the antenna is limited, it is extremely 
difficult to lower the Q value. 

[0003] An advantage of planar inverted F antennas 
(PI FA) is their small size, allowing them to be integrated 
into a device so that they are entirely disposed inside 
said device. Figure 1a shows a prior art conventional 
PIFA antenna element 100, the antenna element 100 
comprising a planar radiator 1 1 0, a ground plane 1 20, a 
ground point 102 and a feed point 101 . The length of 
edges 104 and 105 of the radiator 110 is 40.0 mm, the 
length of edges 107 and 108 is 25.0 mm, and the feed 
point is located at a 2.0-mm distance from both edge 
108 and edge 104. The width of the grounding line of 
the ground point 102 Is 5.0 mm and it is located at the 
edge 104, so that a centre parallel to the edge 104 of 
the grounding line is located at a 1 2.5 mm distance from 
the edge 108. The length of edges 121 and 122 of the 
ground plane is 100.0 mm, the length of edges 123 and 
126 is 40.0 mm, and the distance between the ground 
plane 120 and the radiator 110 is 5.0 mm. Either air or 
another dielectric material is provided as insulating ma- 
terial between and on top of the ground plane 120 and 
the radiator 110. The radiator 110 of the PIFA antenna 
is coupled to the ground plane 120 via the ground point 
102. The shape of the ground point may be dotted or 
similar to the grounding line shown in Figure 1 a. Below, 
reference 1 02 denotes the ground point and the ground- 
ing line. The physical dimensions of the radiator 11 0 and 
the ground point 1 02 and the distance between the ra- 
diator element and the ground plane affect the reso- 
nance frequency of a PIFA antenna. The radiator 110 is 
fed either from the edge of the radiator or by conveying 
a feeder line through the ground plane and the insulating 
material as Figure 1a shows. A change in the width of 
the grounding line of the ground point 102 causes a 
change in the resonance frequency of the antenna. A 
decrease in the width of the grounding line causes a de- 
crease in the resonance frequency; similarly, a wider 
grounding line increases the resonance frequency. The 
grounding line may be either as wide as the side of the 



antenna element or, at its narrowest, only a conductor. 
[0004] The major problem in PIFA antennas is a nar- 
row Impedance band, resulting mainly from the distance 
between the radiator of the antenna and the ground 

5 plane with respect to the wavelength. 

[0005] Figure 1 b illustrates the frequency band of the 
antenna structure of Figure 1a using the above dimen- 
sions. In the graph, thex-axis shows frequency in GHz 
and the y-axis the radiation efficiency of the antenna el- 

*o ement [%], antenna efficiency [%] and antenna match- 
ing (S1 1 ) [dB]. Figure 1 b shows that the frequency band 
of the antenna structure of Figure 1a, at 50% antenna 
efficiency, is in the range of about 1400 to 1700 MHz. 
[0006] The radiation efficiency of an antenna element 

'5 refers the radiation efficiency of the antenna element 
when the antenna is matched. Antenna efficiency refers 
to the efficiency of the antenna when the efficiency in- 
cludes antenna matching. 

[0007] Attempts have been made to increase the 
20 bandwidth of a PIFA antenna for example by creating 
parallel resonators in the antenna structure. Figure 2a 
shows an antenna structure, wherein resonances are 
generated with two antenna elements 201 and 202 of 
slightly different lengths, of which the smaller element 
25 202 generates a higher frequency resonance and the 
larger element 201 , a lower frequency resonance. 
[0008] Figure 2b shows an antenna structure having 
a main element 205 and a parasitic element 206, the 
elements 205 and 206 being separated from one anoth- 
30 er along the entire length to generate resonances. How- 
ever, the increase in the bandwidth of the above anten- 
nas remains relatively small compared with the band- 
width created by the antenna of Figure 1a. 
[0009] An arrangement of several adjacent resonanc- 
es es is a way to increase the bandwidth of an antenna. 
Matching or an antenna element may provide the adja- 
cent resonances. Matching can be carried out for exam- 
ple with a feed and grounding strip, allowing the imped- 
ance of the strips to be arranged as desired by means 
*o of dimensioning the width and length of the strips and 
by means of the relationship between the mutual dis- 
tances between the strips. Resonances provided with 
matching are easily lossy, which may result in a loss of 
the gain achieved by matching. 
« [0010] In the solution carried out on the antenna ele- 
ment, grooves are added to the antenna element to in- 
crease the number of resonance frequencies. However, 
grooves easily act as groove radiators in small anten- 
nas, making adjacent resonating antenna elements 
w couple strongly to one another providing a resonator 
around the groove. This further results in the radiation 
resonance being low at said frequency and current den- 
sities being high in the vicinity of the groove, increasing 
the losses of the antenna. 
5 5 [001 1] The Applicant's earlier European patent appli- 
cation 1 020 948 discloses a dual band antenna struc- 
ture having a first groove for providing resonance in the 
higher 1800 MHz frequency range. The radiator also 
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comprises a second groove that branches from said first 
groove. Increasing the width of the second groove de- 
creases the bandwidth In the GSM 1800 MHz frequency 
range and decreases the amplification of the resonance 
element in the GSM 900 MHz frequency range. Increas- 5 
ing the length of the second groove increases the band- 
width in the GSM 900 MHz frequency range and de- 
creases the amplification in the 1800 MHz frequency 
range. In said antenna structure, said second groove 
provides an increase in bandwidth in the lower frequen- 10 
cy range (900 MHz) and a decrease in the higher fre- 
quency range (1 800 MHz). This kind of solution is thus 
not well suitable for use in cases when the attempt is to 
accomplish as wide a bandwidth as possible for the up- 
per frequency range. 15 

SUMMARY OF THE INVENTION 

[0012] An antenna structure is now provided for use 
particularly, but not necessarily, in mobile systems, the 20 
implementation allowing the Q value of an antenna to 
be lowered, thereby causing an increase in its band- 
width. A feed point and a ground point, arranged in the 
radiator of the antenna structure, the radiator compris- 
ing a planar electrically conductive surface, are sepa- 25 
rated from one another with a groove that is arranged 
in the planar radiator such that a line segment, to be 
provided between the feed point and the ground point, 
cuts the groove. The smaller portion of the groove is pro- 
vided on the side of the line segment cutting the groove 30 
comprising the open end of the groove, and, corre- 
spondingly, the larger portion of the groove is provided 
on the opposite side of said line segment. The addition 
of a groove of the type described above to a radiator 
results in a change in some paths of surface currents 35 
distributed to the surface of the radiator, causing the an- 
tenna to generate a plurality of resonances and increas- 
ing the bandwidth at good radiation efficiency. The sub- 
stantial length of the groove exceeds a quarter of the 
wavelength of the highest resonance frequency. The *o 
length is defined as the straightest possible path within 
the groove between the starting and end points. The 
starting point of said path is located in the middle of the 
open end of the groove. The end point is located at that 
point of the edge of the radiator within the groove, to 45 
which the distance of the straightest possible path within 
the groove, measured from the starting point to said end 
point, is at its longest. 

[001 3] The groove provides an open space in the mid- 
dle area of the antenna, thereby also decreasing the ca- so 
pacitive coupling of the different antenna element parts. 
A further advantage is that the space used by the an- 
tenna is utilized as efficiently as possible. 
[0014] A first aspect of the invention provides an an- 
tenna structure comprising a ground plane, a radiator ss 
located at a distance from the ground plane, an insulat- 
ing layer between said ground plane and said radiator 
at least one feed point for feeding a signal to said radi- 



ator, at least one ground point for grounding the radiator 
to the ground plane, in that the radiator comprises at 
least one groove comprising an open end and a closed 
end, the groove being arranged at least partly between 
said at least one feed point and said at least one ground 
point such that a line segment to be created between 
said feed point and said ground point cuts said groove, 
whereby a smaller portion of the groove is arranged on 
that side of the line segment cutting the groove, on which 
the open end of the groove is provided, and a larger por- 
tion of the groove is provided on the opposite side of the 
line segment cutting the groove, on which side the 
closed end of the groove is arranged. 
[001 5] A second aspect of the invention provides a ra- 
dio device comprising an antenna structure for transmit- 
ting a radio-frequency signal, the antenna structure fur- 
ther comprising a ground plane, a radiator arranged at 
a distance from the ground plane, an Insulating layer be- 
tween said ground plane and said radiator, at least one 
feed point for feeding a signal to said radiator, at least 
one ground point for grounding the radiator to the 
ground plane, in that the radiator comprises at least one 
groove comprising an open end and a closed end, the 
groove being located at least partly between said at 
least one feed point and said at least ground point such 
that a line segment to be created between said feed 
point and said ground point cuts said groove, whereby 
a smaller portion of the groove is arranged on that side 
of the line segment cutting the groove, on which the 
open end of the groove is provided, and a larger portion 
of the groove is provided on the opposite side of the line 
segment cutting the groove, on which side the closed 
end of the groove is arranged. 

[0016] The prior art was discussed with reference to 
Figures 1 and 2. In the following, the invention will be 
described in greater detail with reference to Figures 3 
to 5, in which 

Figure 1 a illustrates the structure of a prior art PI FA 
antenna element, 

Figure 1 b illustrates the frequency band of the PI FA 
antenna according to Figure 1a, 
Figures 2a and 2b illustrate prior art structures of a 
PIFA antenna element, 

Figure 3a illustrates the structure of an antenna el- 
ement according to the invention, 
Figure 3b illustrates the frequency band of the an- 
tenna element of Figure 3a, 
Figure 4a illustrates the structure of an antenna el- 
ement to be used In more than one frequency 
range, 

Figure 4b illustrates the frequency band of the an- 
tenna element of Figure 4a, 
Figure 5a illustrates the structure, according to the 
invention, of an antenna element to be used in more 
than one frequency range, 
Figure 5b illustrates the frequency band of the an- 
tenna element of Figure 5a. 
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[0017] Figure 3a illustrates the structure of an anten- 
na element 200 according to the invention, the basis be- 
ing a planar PIFA antenna. The antenna element 200 
comprises a ground plane 120, a planar radiator 110, a 
feed point 101 , a grounding line 1 02 for a ground point, 
and a groove 103. Said groove 103 is a portion that is 
not of electrically conductive material. The groove may 
be implemented for instance by removing electrically 
conductive material from the radiator 110. The dimen- 
sions of the antenna structure 200 correspond to those 
of the antenna structure 1 00 in Figure 1 a. The width of 
the narrower portion of the groove 103 at an edge 104 
is 1.0 mm. The groove 103 divides the edge 104 into 
two portions, the length of the longer portion being 34.0 
mm and the length of the shorter portion 5.0 mm. The 
distance between the broader portion of the groove 1 03 
and edges 104, 105 and 107 is at Its shortest 5.0 mm. 
The distance between the broader portion of the groove 

1 03 and an edge 1 08 is at its shortest 5.0 mm and at its 
longest 1 4.0 mm. The substantial length (reference 1 32) 
of the groove is 37.6 mm, measured from a starting point 
130 to and end point 131. 

[0018] The feed point is implemented as a coaxial 
feed through the ground plane such that it is located at 
a substantial distance from the nearest edges of the ra- 
diator. The feed point may also be implemented at the 
edge of the radiator 1 1 0 in the same way as the ground- 
ing line 102 of the ground point. The location depends 
on the practical arrangement of the antenna element, 
which is best optimized by the location of the feed point. 
The grounding line 1 02 of the ground point is located 
substantially at the edge 104 of the radiator 110. The 
ground point may also be located at a substantial dis- 
tance from the edge 1 04. The shape of the ground point 
102 may also be point formed, such as the feed point 
1 01 , and it may be located, as the feed point, at a sub- 
stantial distance from the edges of the radiator. 
[001 9] The groove 1 03 divides the edge 1 04 into two 
parts, whereby the groove 1 03 divides the radiator 110, 
seen from the edge 1 05, into a branch on the side of the 
ground point and a branch on the side of the feed point 
such that the edges 105, 107 and 108 remain unbroken. 
In the antenna structure of the invention, the groove 1 03 
is located at least partly between the feed point 1 01 and 
the ground point 1 02 such that a line segment to be cre- 
ated between the feed point 1 01 and the ground point 
1 02 cuts the groove 1 03, whereby the smaller portion of 
the groove 1 03 is arranged on that side of the line seg- 
ment cutting the groove 103, on which side the edge 

1 04 of the radiator 1 1 0 forms the open end of the groove 
1 03. When the groove 1 03 portions on different sides of 
the line segments are observed on an axis parallel to 
the edge 107 such that the line segment is created in 
the middle of the grounding line of the ground point at 
the edge 104, then about 8% of the groove is situated 
in an area between said line segment and the edge 1 04, 
and, correspondingly, about 92% on the opposite side 
of the line segment. When the distribution of the area of 



the groove 1 03 is observed on the different sides of the 
line segment, about 0.5% is located on the area on the 
side of the line segment and the edge 104 and about 
99.5% on the other side of the line segment. These ra- 

5 tios are given as examples of values applicable to the 
structure of Figure 3a; the ratios may also be different 
from those mentioned. A change in said ratios by a 
change in the shape of the groove, such as its length or 
width and/or a change in the locations of the feed or 

<o ground points always brings about a change in the ra- 
diation power and resonance frequencies generated by 
the antenna. 

[0020] In the antenna structure of Figure 3a { the width 
of the groove 1 03 at the end on the side of the edge 1 04 

is is substantially narrower than elsewhere, but it may also 
be broader, Substantially in the longitudinal direction of 
the groove 103, the groove is broader than at the end 
on the side of the edge 104. The groove 103 may also 
be equally broad at both ends of the groove. The sub- 

20 stantially narrow portion of the groove 1 03 at the end on 
the side of the edge 104 is arranged perpendicularly 
against the edge 104; perpendicularity is not a require- 
ment, but the groove 1 03 may also be located at an an- 
gle with respect to the edge 104. The substantially 

25 broader portion of the groove 103 is so implemented that 
the broader portion of the groove is arranged parallel to 
the edge 1 04, in the area on the side of the ground point 
102 of the radiator 110. The broader portion of the 
groove 1 03 may also be arranged diagonally with re- 

30 spect to the edge 1 04. 

[0021] The shape of the groove 103 is not limited to 
that shown In Figure 3a, but Its substantial proportion of 
length to width can be larger or smaller than is shown 
In the figure. The location of the feed point in the area 

35 of the radiator is not either limited for use only in the area 
of the radiator as shown in Figure 3a. The feed point 
may also be located at the edge of the radiator, as may 
the ground point 102. The location of the ground point 
is not either limited to the edge of the radiator, but it may 

^0 be located at a substantial distance from the edges of 
the radiator, as may the feed point. 
[0022] Figure 3b illustrates the frequency band of the 
antenna element 200 of Figure 3a. In the graph, the x- 
axis gives frequency in GHz and the y-axis radiation ef- 

<5 ficiency [%], antenna efficiency [%] and antenna match- 
ing (S11) [dB]. On comparison of the frequency band of 
the antenna element of Figure 1 a with the one shown in 
Figure 1b, the frequency band of the antenna structure 
of the invention in Figure 3b now also comprises a sec- 

50 ond hlgherfrequency band, which, observed at 50% an- 
tenna efficiency, is located in the range of about 2400 
to 3000 MHz. In addition, the first frequency band, which 
was located in the range of about 1400 to 1700 MHz 
when observed at 50% antenna efficiency according to 

55 the antenna structure of Figure 1a, is now in the range 
of about 1 1 00 to 1 700 MHz when observed at the same 
efficiency, indicating a bandwidth increase of about 300 
MHz compared with the previous. When the radiation 
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efficiencies of Figures 1b and 3b are compared, it may 
also be noted that the groove 1 03 provided did not lower 
the radiation power at the frequency range employed. 
[0023] Figure 4a illustrates, for later comparison, the 
structure of a dual band antenna element 300, based 
on a prior art planar dual band PIFA antenna. The an- 
tenna element 300 comprises a ground plane 120, a pla- 
nar radiator 11 0, a feed point 1 01 , a grounding line 1 02 
for a ground point, and a groove 106. 
[0024] The length of edges 1 21 and 1 22 of the ground 
plane 120 is 46.0 mm, and the length of edges 123 and 
124 is 105.0 mm. The ground plane is located at a 
5.0-mm distance from the radiator 110. The width of the 
groove 1 06 is 1 .0 mm and the length 42.0 mm, and its 
distance from an edge 108 is 6.0 mm at its shortest and 
at its longest equal to the length of an edge 114, i.e. 10.0 
mm. The length of an edge 104 is 35.0 mm, the length 
of an edge 107 Is 38.0 mm and the length of the edge 
108 is 45.0 mm. The feed point 101 is located at a 
2.0-mm distance from the edge 104 and at a 12.0-mm 
distance from the edge 1 08. The length of the grounding 
line of the ground point 102 parallel to the edge 1 07 is 
11.0 mm. 

[0025] The feed point 101 is implemented as a coaxial 
feed through the ground plane such that it is located at 
a substantial distance from the nearest edges of the ra- 
diator 110. The feed point may also be implemented at 
the edge of the radiator 110 in the same way as the 
grounding line 1 02 of the ground point. The location de- 
pends on the practical arrangement of the antenna ele- 
ment, which is best optimized by the location of the feed 
point. The grounding line 102 of the ground point is lo- 
cated substantially at the edge 107 of the radiator 110 
at the end on the side of the edge 1 04. The ground point 
may also be located at the edge 1 04 of the radiator 110, 
and, in addition, the shape of the ground point may be 
point formed, such as the feed point 101 , and it may be 
located, as the feed point, at a substantial distance from 
the edges of the radiator. The groove 106 divides the 
edge 104 into two parts such that the groove is located 
in the area between the feed point 101 and the edge 
108 flush with the radiator 110. The groove 106 does 
not have to be straight, but may be curved or winding. 
The groove 106 serves to generate a lower frequency 
range, and it is used to lengthen the electrical length of 
the element of the lower frequency range with respect 
to the wavelength. 

[0026] Figure 4b illustrates, for later comparison, the 
frequency band of the antenna element 300 of Figure 
4a. In the graph, the x-axis shows frequency and the y- 
axis the radiation efficiency of the antenna element [%], 
antenna efficiency [%] and antenna matching (S1 1 ) [dB]. 
Figure 4b shows that the lower frequency band of the 
antenna structure of Figure 4a, at 50% antenna efficien- 
cy, is in the range of about 900 to 1 1 00 MHz. The higher 
frequency band is located, at the same efficiency, In the 
range of about 1600 to 2000 MHz. 
[0027] Figure 5a illustrates an antenna element 400 
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structure of the invention for use in more than one fre- 
quency range, the basis being a planar dual band PIFA 
antenna according to Figure 4a. The antenna element 
400 comprises a ground plane 120, a planar radiator 

s 1 1 0, a feed point 1 01 , a grounding line 1 02 for a ground 
point, a first groove 106 and a second groove 103. Said 
grooves 106 and 103 are portions that do not comprise 
electrically conductive material. 
[0028] The outer dimensions of the antenna structure 

10 400 correspond to those of the antenna structure 300 
shown in Figure 4a. The length of the narrower portion 
of the groove 103 is 10.0 mm, width 1.0 mm, and it is 
located at a 1 5.0-mm distance from the edge 107. The 
width of the broader portion of the groove 1 03 from the 

15 first edge (reference 1 33 - reference 1 34) to the second 
edge (reference 135 - reference 136) is 10.0 mm. The 
substantial length (reference 132) of the groove, meas- 
ured from the starting point 130 to the end point 131 , is 
about 31 .0 mm. 

20 [0029] The feed point 1 01 is implemented as a coaxial 
feed through the ground plane such that it is located at 
a substantial distance from the nearest edges of the ra- 
diator. The location depends on the practical arrange- 
ment of the antenna element, which is best optimized 

25 by the location of the feed point. The grounding line 1 02 
of the ground point is located substantially at the edge 
1 07 of the radiator 1 1 0 at the end on the side of the edge 
104. The ground point may also be located at the edge 
104, and, in addition, it may be located at a substantial 

30 distance from the edges 1 04 and 1 07. 

[0030] The groove 1 06 divides the edge 1 04 into two 
parts such that the groove is located In the area between 
the feed point 101 and the edge 108. The groove 106 
serves to generate a lower frequency range, whereas 

35 the feed point 101 and the ground point 102, and the 
groove 103 generate the upper frequency range or up- 
per frequency ranges. The groove 103 further divides 
the element on the side of the feed and ground points 
(101 and 102) at the edge 104 into two parts, making 

*o the radiator 1 1 0 now branch to the element on the side 
of the ground point, the element on the side of the feed 
point, and, in addition, to the element on the side of the 
edge 108. In the antenna structure of the invention, the 
groove 1 03 is located at least partly between the feed 

45 point 1 01 and the ground point 1 02 such that a line seg- 
ment to be created between the feed point 101 and the 
ground point 1 02 cuts the groove 1 03, whereby a small- 
er portion of the groove 1 03 forms on that side of the 
line segment cutting the groove 1 03, on which the edge 

50 1 04 of the radiator 1 1 0 forms the open end of the groove 
103. 

[0031] When the portions of the groove 1 03 on differ- 
ent sides of the line segment are observed on an axis 
parallel to the edge 107 such that the line segment is 
55 created in the middle of the grounding line of the ground 
point at the edge 1 04, about 8% of the groove is located 
in the area between said line segment and the edge 1 04, 
and, correspondingly, about 92% on the other side of 
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the line segment. When the division of the area formed 
by the groove 1 03 on the different sides of the line seg- 
ment is observed, about 0.5% is located on the area on 
the side of the line segment and the edge 1 04, and about 
99.5% on the other side of the line segment. These ra- 
tios are given as examples of values applicable to the 
structure of Figure 5a; the ratios may also be different 
from those mentioned. A change in said ratios by a 
change in the shape of the groove, such as its length or 
width and/or a change in the locations of the feed or 
ground points always brings about a change in the ra- 
diation power and resonance frequencies generated by 
the antenna. 

[0032] The shape of the groove 103 is not limited to 
that shown in Figure 5a, but its substantial length and 
width can be larger or smaller than is shown in Figure 
5a. The location of the feed point in the area of the ra- 
diator Is not either limited for use only In the area of the 
radiator as shown in Figure 5a. The feed point may also 
be located at the edge of the radiator, as may the ground 
point 102. The location of the ground point is not either 
limited to the edge of the radiator, but it may be located 
at a substantial distance from the edges of the radiator, 
as may the feed point. 

[0033] Figure 5b illustrates the frequency band of the 
antenna element of Figure 5a. In the graph, the x-axis 
gives frequency in GHz and the y-axis the radiation ef- 
ficiency of the antenna element [%], antenna efficiency 
[%] and antenna matching (S11) [dB], Figure 5b shows 
that the lower frequency band of the antenna structure 
of Figure 5a, at 50% antenna efficiency, is in the range 
of about 900 to 1 1 00 MHz. The higher frequency band 
is located, at the same efficiency, in the range of about 
1700 to 3500 MHz. On comparison of the results now 
presented with the results of the antenna element of Fig- 
ure 4a in Figure 4b, it may be noted that the bandwidth 
increase generated by the groove 103 in the antenna 
structure of Figure 5a is significant atthe higherfrequen- 
cy compared with an antenna structure without the im- 
plementation of the invention. A further advantage is 
that in the implementation of the invention, the new 
structure does not compromise the radiant power of the 
antenna. 

[0034] When the simulation results of the antenna 
structure of Figure 4a are observed, the frequency band 
at the lower frequency is located, at 50% antenna effi- 
ciency, in the range of about 900 to 1100 MHz and at 
the upper frequency in the range of about 1 600 to 2000 
MHz, resulting in a bandwidth of about 200 MHz at the 
lower frequency and about 400 MHz at the upper fre- 
quency. The results of the antenna structure of the in- 
vention in Figure 5a are similar at the lower frequency, 
but at the upper frequency the frequency range is now 
in the range of about 1700 to 3500 MHz, resulting in a 
bandwidth of about 1800 MHz. Consequently, the 
groove according to the invention in an antenna struc- 
ture increases bandwidth at the upper frequency almost 
fivefold compared with a conventional antenna structure 



without harmful effects on the bandwidth of the lower 
frequency range or the location of said frequency range. 
[0035] The antenna structure of the Invention is appli- 
cable to ail present digital mobile and cellular commu- 

5 nication systems. The antenna of the invention may be 
used in the implementation of multi-frequency antenna 
solutions in all mobile stations or small radio devices for 
which an internal antenna is a preferable feature. Trie 
invention is particularly applicable to such mobile sta- 

10 tions that use two or more separate frequency ranges 
or combinations of these frequency ranges. An example 
is a mobile station comprising the EGSM (880 to 960 
MHz) : PCN (DCS 1800; 1710 to 1880 MHz) and W-CD- 
MA system (1920 to 2170 MHz), whereby the EGSM 

J5 system would operate at the lower frequency range cre- 
ated by the antenna structure of the invention and the 
PCN and W-CDMA systems at the upper frequency 
range created by the antenna structure. Since the an- 
tenna solution of the invention provides a wide continu- 

20 ous frequency range, the antenna is therefore not critical 
to, for example, frequency changes caused by the en- 
vironment. Furthermore, costs are saved in manufac- 
ture and design, since the same antenna structure is ap- 
plicable to different frequency ranges, allowing it to be 

25 manufactured in larger numbers, resulting in lower pro- 
duction costs. 

[0036] The design of the groove in the antenna struc- 
ture of the invention can be used to affect e.g. antenna 
feed matching, width of frequency band, frequency 

30 range, efficiency and the electrical length of the anten- 
na. However, the invention is not restricted to the groove 
shapes presented, but the groove may have another 
form, length or width. Said groove is always such a por- 
tion that does not comprise electrically conductive ma- 

35 terial. The groove can be implemented for example by 
removing from the radiator a groove-formed planar por- 
tion that extends through the radiator and contains elec- 
trically conductive material. If, in addition to a electrically 
conductive planar layer, the radiator comprises a planar 

40 layer of insulating material between the radiator and the 
ground plane, the groove can be implemented either by 
removing a groove-formed planar portion of electrically 
conductive material only, or by removing a groove- 
formed planar portion of both electrically conductive ma- 

45 terial and insulating material from the area forming the 
groove such that the groove extends through both said 
layers. A smaller portion, less than 50%, of the substan- 
tial length of the groove and the area of the groove is 
located in the area between the line segment to be cre- 

50 ated between the feed and ground point and the edge 
constituting the open end of the groove, and, corre- 
spondingly, a larger portion, more than 50% of the sub- 
stantial length of the groove and the area of the groove 
is located on the other side of said line segment. Pref- 

55 erably the larger portion of the substantial length of the 
groove and the area of the groove in the area constitut- 
ing the open end of the groove is always multifold in size 
compared with the smaller portion of the groove. The 
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higher the proportion of said larger portion of the groove 
to said smaller portion of the groove, the better the an- 
tenna structure of the invention operates In the desired 
way. 

[0037] The size of the ground plane with respect to 
the size of the radiator is not limited to any given ratio. 
The ground plane may be equal to or larger than the 
radiator, whereby the radiation pattern typically bears 
away from the ground plane to that side of the ground 
plane where the radiator is located. The ground plane 
may also be smaller than the radiator, whereby the an- 
tenna also radiates to the side in the direction of the por- 
tion radiating in a free space and to the opposite side of 
the ground plane. The radiator and the ground plane do 
not have to be planar surfaces. One or both of them may 
be for example curved or double-curved surfaces. 
[0038] The invention Is not either restricted to any giv- 
en manner of Implementing the antenna element or a 
material. The radiator and the ground plane may be pref- 
erably made from metal plate, such as copper plate or 
for example an insulating material coated with an elec- 
trically conductive layer or other materials suitable for 
making an antenna. Air is preferably used as the insu- 
lating layer between the radiator and the ground plane, 
in case the radiator is implemented as a self-supporting 
structure. Other insulating materials include body mate- 
rial of a circuit board, ceramic material or some other 
dielectric material or a combination thereof. The place- 
ment and number of feed and ground points are not ei- 
ther restricted to the above examples, but their number 
and placement may vary in a manner appropriate for the 
use of the antenna structure. 

[0039] The implementation and embodiments of the 
invention were described herein by means of examples. 
It is obvious to a person skilled in the art that the inven- 
tion is not limited to the details of the above embodi- 
ments, and that the invention can be implemented in an- 
other manner without departing from the characteristics 
of the invention. The embodiments presented should 
thus be considered as illustrative, not restrictive. The im- 
plementation and use of the invention are thus only lim- 
ited by the attached claims. Accordingly, the different al- 
ternative embodiments defined by the claims, including 
equivalent implementations, are within the scope of the 
invention. 



Claims 

1. An antenna structure (200) comprising a ground 
plane (120), a radiator (110) located at a distance 
from the ground plane, an insulating layer (1 29) be- 
tween said ground plane and said radiator, at least 
one feed point (1 01 ) for feeding a signal to said ra- 
diator, and at least one ground point (102) for 
grounding the radiator (110) to the ground plane 
(120), characterized in that the radiator (11 0) com- 
prises at least one groove (103) comprising an open 



end and a closed end, the groove (103) being ar- 
ranged at least partly between said at least one feed 
point (1 01 ) and said at least one ground point (1 02) 
such that a line segment to be created between said 

J feed point and said ground point cuts said groove, 
whereby a smaller portion of the groove is arranged 
on that side of the line segment cutting the groove 
on which the open end of the groove (103) is pro- 
vided, and a larger portion of the groove is provided 

*o on the opposite side of the line segment cutting the 
groove, on which side the closed end of the groove 
(103) is arranged. 

2. An antenna structure as claimed in claim 1 , char- 
's acterized in that said groove (103) is arranged to 

generate at least one resonance frequency for the 
generation of at least one frequency band. 

3. An antenna structure as claimed in claim 2, char- 
ge acterized In that said groove divides the antenna 

structure (200) into a branch on the side of the feed 
point and a branch on the side of the ground point. 

4. An antenna structure as claimed in claim 3, char- 
ts acterized in that the open end of said groove (1 03) 

is located at that point of the radiator (1 1 0) at which 
the distance between the branch on the side of said 
ground point and the branch on the side of said feed 
point is equal to the size of the groove. 

30 

5. An antenna structure as claimed in claim 3, char- 
acterized in that said closed end of the groove 
(103) is located at that point of the radiator (110) at 
which the branch on the side of said ground point 

33 and the branch on the side of said feed point con- 
solidate. 

6. An antenna structure as claimed in claim 1 , char- 
acterized in that said radiator (110) comprises a 

*o planar surface. 

7. An antenna structure as claimed in claim 1 , char- 
acterized in that said radiator (110) comprises a 
curved surface. 

45 

8. An antenna structure as claimed In claim 1 , char- 
acterized In that said radiator (1 1 0) also comprises 
a second groove (106) for generating a resonance 
frequency for at least one frequency range. 

50 

9. An antenna structure as claimed in claim 8, char- 
acterized in that said groove (1 03, 1 06) is a portion 
not comprising electrically conductive material. 

55 10. An antenna structure as claimed in claim 1 , char- 
acterized 

in that said insulating layer (1 29) is of dielectric ma- 
terial. 
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11. An antenna structure as claimed in claim 1, char- 
acterized 

In that said radiator (110) and ground plane (120) 
comprise a layer of electrically conductive material. 

5 

12. A radio device comprising an antenna structure 
(200) for transmitting a radio-frequency signal, the 
antenna structure (200) further comprising a ground 
plane (1 20), a radiator (1 1 0) arranged at a distance 
from the ground plane, an insulating layer (129) be- io 
tween said ground plane and said radiator, at least 
one feed point {1 01 ) for feeding a signal to said ra- 
diator, at least one ground point (1 02) for grounding 
the radiator (110) to the ground plane (120), char- 
acterized in that the radiator (110) comprises at ?5 
least one groove (1 03) comprising an open end and 

a closed end, the groove (103) being located at 
least partly between said at least one feed point 
(1 01 ) and said at least one ground point (1 02) such 
that a line segment to be created between said feed 20 
point and said ground point cuts said groove, 
whereby a smaller portion of the groove is arranged 
on that side of the line segment cutting the groove, 
on which the open end of the groove (103) is pro- 
vided, and a larger portion of the groove is provided 25 
on the opposite side of the line segment cutting the 
groove, on which side the closed end of the groove 
(103) is arranged. 

13. A radio device as claimed in claim 12, character- 30 
ized in that said radio device is a mobile station. 
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Fig. 2b 
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